Metallic foams with high fraction of porosity have gained their usefulness and are now becoming a new class of materials for various engineering applications. Due to this, the present work aims to produce pure titanium and alloy titanium foams with high density using different composition and sintering temperature. The slurry method is selected to produce the pure titanium and alloy titanium foam. The titanium slurry is prepared by mixing pure or titanium alloy powder, polyethylene glycol (PEG), methylcellulose and water. Polyurethane (PU) foam is then impregnated in the slurry and dried at room temperature. This is later sintered in a high temperature vacuum furnace with different sintering temperatures. The density of the samples was tested using Archimedes test. From the result of analysis of variance, composition and sintering temperature affect the density of the samples for pure and titanium alloy foams. The suitable compositions of pure and alloy titanium are 60 wt%, 65 wt%, 70 wt% and sintering temperatures are 1200°C, 1250°C and 1300°C to produce a high density for the pure and titanium alloy foams.
1.0 INTRODUCTION
Metal foams possess a unique combination of properties, such as air and water permeability, impact energy absorption capacity, unusual acoustic properties, low thermal conductivity, good electrical insulating properties and high stiffness with very low specific weight [1] . Because of these properties many researchers have been interested in producing good metal foams using various techniques. The basic processing techniques for metal foams are liquid metallurgy, coating techniques and powder metallurgy [2] . In this study, the replication technique or slurry method has been chosen to produce metal foams.
This slurry method is included as a part of the powder metallurgy group because the starting material that was used is metal powder. Polyurethane foam templates are coated in slurry of metal powder followed by burning out of the template during the sintering process. This study is focused to produce a high density for pure and titanium alloy foams. Earlier works have produced metal foams out of aluminum, zinc, lead, stainless steel and titanium. Overall, aluminum has been the most established metal for production in the form of foam [3] . Titanium and its alloy are excellent materials for lightweight applications at elevated temperatures and are widely used in aeronautical applications. Titanium foams have an additional potential for weight reduction and could even be suitable for functional applications if the pore structure were open [2] . This paper presents the results from research work on the effect of different sintering temperatures and composition of the pure and titanium alloy powder on density of pure and titanium alloy foam. The Taguchi method has been choose to optimise the sintering and composition parameters of this study. Previous studies from have shown that the important factors to produces the good titanium foams are composition, sintering temperature, sintering time and heating rate [4] [5] [6] . The composition and sintering temperature factors has been used in this study. The effects of these factors were investigated and the optimum sintering condition was proposed using analysis of variance (ANOVA). From the analysis the suitable level of composition and temperature will be discuss and the most contribution factor will be founded from this analysis.
2.0 EXPERIMENTAL
Initially, Polyethylene glycol (PEG) and methylcellulose (CMC) were stirred in deionised water for one hour. Pure titanium or titanium alloy powder was subsequently added to the solution and stirred for two hours. The composition that be used are 55 wt%, 60 wt%, 65 wt%, 70 wt% and 75 wt% of pure titanium and titanium alloy powder. The titanium slurry was used to impregnate polyurethane (PU) foam. The PU foams were dipped into the slurry and the dipping and drying processes were repeated until the struts of the foam were completely coated with pure titanium or alloy titanium slurry. The excess slurry was then removed by pressing the foam under a roller.
The samples were later dried in the oven for 24 hours at 30 ƟC. After the samples were completely dried, the PU was removed from the matrix by heating it at 600°C for 60 minutes. Subsequently, the samples were sintered at 1150°C, 1200°C, 1250°C, 1300°C and 1350°C with holding time of one hour. The rate for heating was 1°C/min. A liquid displacement method was used to measure the density of the samples after sintering.
3.0 RESULTS AND DISCUSSION
After sintering, the densities of samples were measured using Archimedes. The density will be increased followed by composition of the materials and lead to increase in the strength of the samples [7] . Figure 1 and Figure 2 shows the SEM micrograph of pure titanium and titanium alloy foams after sintered in vacuum furnace which consists of pores and struts. While, Table 1 and Table 2 shows the results of the analysis of variance (ANOVA) for sintering temperature and composition of pure titanium and titanium alloy foams. From the ANOVA for pure titanium foams, the composition of the sample offer significant at α = 0.005 while for sintering temperature is only significant at α = 0.05. The contribution for composition is 54.04 % and for sintering temperature is 6.54 %. The interaction between composition and sintering temperature did not give any significant level with a contribution to higher density only 1.04 %. In addition, ANOVA for titanium alloy foams shows both composition and sintering temperature factors are highly significant (α = 0.005) for density. These variables contribute about 63.34 % and 12.85 % respectively to the density. The interaction of this factor also did not give any contribution for the density.
Graph for the effect of composition of pure titanium and sintering temperature on the density of the samples are presented in Figure 3 . While, Figure 4 shown the graph for composition and sintering temperature of titanium alloy foams. From this two graph, the density was increase when the composition of titanium increases. From Figure 3 and 4, this trait was followed the literatures [6&8]. It because when sintering temperature increases, the necks will be grows at the particle contact [9] . This phenomenon was shown in Figure 5 and Figure 6 . Due to this, the pore will be eliminated and the density will be increased. The highest density for this research are 1.65 gcm -3 at 1350°C for pure titanium foam and 1.48 gcm -3 at 1350°C for titanium alloy foam. Other effect that can be happen when the temperature was increase are greater shrinkage, grain growth, pore coarsening, less precision and higher properties [9&10]. From Surace et al. (2009) [11] the relative density will be increased when the composition of the sample was increases. We can see this trend as shown in Figure 3 and Figure 4 . However the lowest value for the density at 1150°C and 55% composition of pure titanium and titanium alloy foams. It because the sample has more pores and the sintering temperature did not achieved the liquid phase sintering [9] . From Wen et al. (2002) [12] the result for density of the pure titanium foam was 0.90 gcm -3 using space holder method at 1200°C sintering temperature. However for this research, the density at the same sintering temperature is 1.18 gcm -3 . So this research was get higher density compare to the previous research. While for titanium alloy foam, the density result that was achieve was similar to the density result from other researcher [8] . Figure 3 The effect of composition of pure titanium and sintering temperature on the density of the pure titanium foams Figure 4 The effect of composition of titanium alloy and sintering temperature on the density of the titanium alloy foams 
4.0 CONCLUSION
Form the ANOVA analysis, the composition of titanium was found to give the most significant effect on the density of the samples followed by sintering temperature. Pure titanium and titanium alloy foams with high density have been manufactured successfully using the slurry method. The highest density for pure titanium foam is 1.65 gcm -3 for samples sintered at 1350°C. While, for titanium alloy foam the highest density is 1.48 gcm -3 at 1350°C sintering temperature. The suitable compositions of pure and alloy titanium are 60 wt%, 65 wt%, 70 wt% and sintering temperatures are 1200°C, 1250°C and 1300°C to produce a high density for the pure and titanium alloy foams. For further research, the compressive strength of these samples will be investigated. 
